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METHOD OF FABRICATING AN ORGANIC
LIGHT EMITTING DIODE USING PHASE
SEPARATION

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application 1s a divisional of co-pending application
Ser. No. 12/787,134 filed on May 25, 2010, and claims pri1-

ority to and the benefit of Korean Patent Application No.
10-2009-0111625, filed Nov. 18, 2009, the disclosure of

which 1s incorporated herein by reference 1n its entirety.

BACKGROUND

1. Field of the Invention

The present ivention relates to an organic light emitting,
diode (OLED), and more spec1ﬁcally, to an OLED structured
to 1ncrease light extraction efficiency.

2. Discussion of Related Art

In a typical organic light emitting diode (OLED), holes
emitted from an anode combine with electrons emitted from
a cathode 1 an organic emission layer (EML) formed
between the anode and the cathode to generate excitons, and
the excitons may recombine to emait light.

An OLED, which 1s an emissive device, has a wide viewing
angle, a fast response speed, and high color reproduction
characteristics so that the OLED 1s widely applied to display
devices. Also, a vast amount of research is being conducted on

light apparatuses to which OLEDs are applied.

An OLED may be configured to emit red (R), green (G),
and blue (B) light or white light. In general, a white OLED
may be applied to a lighting apparatus. An OLED applied to
a lighting apparatus should have a higher luminance than an
OLED applied to a typical display device.

In other words, an OLED having high light extraction
elficiency 1s necessarlly requu'ed to apply the OLED to a
lighting apparatus. However, 1n a conventional OLED, at
least 70% of light emitted by an organic EML may not be
externally emitted out of the OLED but totally retlected in the
OLED device.

The above-described problem of the conventional OLED
will now be described with reference to FIG. 1.

FIG. 1 1s a cross-sectional view 1illustrating a problem
caused by total reflection of light 1n a conventional OLED.
Although only the problem of a bottom-emitting OLED
shown 1n FIG. 1 will be described for brevity, the description
of the problem may be applied likewise to a top-emitting
OLED or a double-sided-emitting OLED.

Referring to FIG. 1, a conventional OLED includes a trans-
parent electrode 140a, an organic EML 130, a reflective elec-
trode 1405, and an encapsulation substrate 160 that are
sequentially stacked on a transparent substrate 110. For brev-
ity, 1t 1s assumed that, as 1n a conventional OLED, the trans-
parent electrode 140a and the organic EML 150 have the
same refractive index, the transparent substrate 110 has a
refractive index nl lower than that of the transparent electrode
140a, a bottom surface of the transparent substrate 110 1s 1n
contact with the air, and the refractive index nl of the trans-
parent substrate 110 1s higher than a refractive index n2 of the
air.

In order to explain the problem of total reflection, FIG. 1
illustrates two light paths 201 and 202 which light emitted
from the organic EML 150. Meanwhile, Snell’s law that
expresses a total retlection critical angle 1s given by Equation

1.
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(1)

where 0 denotes the total reflection critical angle at an inter-
face between a first medium with a higher refractive index and
a second medium with a lower refractive mndex when light
travels from the first medium to the second medium, n,

denotes the refractive imndex of the first medium, and n,
denotes the refractive index of the second medium.

According to Equation 1, when an incidence angle 1s lower
than the total reflection critical angle 0_, light may travel
toward the second medium without causing total retlection,
while when the incidence angle 1s higher than the total reflec-
tion critical angle 0_, light may be totally reflected toward the
first medium.

Referring to FI1G. 1, light emitted along the first light path
201 may be incident at an incident angle 0, at an interface
between the transparent substrate 110 and the air, while light
emitted along the second light path 202 may be 1incident at an
incidence angle 0, at an interface between the transparent
substrate 110 and the air.

The light emitted along the first light path 201 may not be
totally reflected by the transparent substrate 110 but exter-
nally emitted because the incidence angle 0, 1s smaller than
the total reflection critical angle 0 . However, the light emat-
ted along the second light path 202 may be totally reflected by
the transparent substrate 110 and wave-guided along the
transparent substrate 110 because the mncidence angle 0, 1s
greater than the total reflection critical angle O .

Thus, the light extraction efficiency of a conventional
OLED may be degraded due to its total retlection character-
1st1Cs.

In order to solve the problem, various conventional meth-
ods have been attempted. However, the methods may substan-
tially have low light extraction efficiency, mvolve compli-
cated processes, require high fabrication costs, and shorten
the lifetime of an organic EML.

Accordingly, 1t 1s necessary to develop a method of fabri-
cating an OLED with improved light extraction efliciency at
low cost using a simple process.

SUMMARY OF THE INVENTION

The present invention 1s directed to a method of fabricating
an organic light emitting diode (OLED) which light extrac-
tion efficiency 1s improved at low costusing a simple process.

Also, the present invention 1s directed to a method of fab-
ricating an OLED having improved light extraction effi-
ciency, which 1s easily applicable to a large-area device.

Other aspects of the present invention can be understood
with reference to the following description and exemplary
embodiments of the present invention.

One aspect of the present invention provides an OLED
using phase separation. The OLED includes: a transparent
substrate; a first light path control layer disposed on the trans-
parent substrate, and including a mixture of a first medium
and a second medium having a lower refractive index than the
first medium using phase separation; and an anode, an organic
emission layer (EML), and a cathode sequentially stacked on
the first light path control layer.

The OLED may further include at least one of a first refrac-
tion layer interposed between the transparent substrate and
the first light path control layer and a second refraction layer
interposed between the first light path control layer and the
anode.
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The OLED may turther include a second light path control
layer disposed under the transparent substrate. The second
light path control layer may include a mixture of a third
medium and a fourth medium having a lower refractive index
than the third medium using the phase separation. In this case,
the OLED may further include a third refraction layer inter-
posed between the transparent substrate and the second light
path control layer.

The first medium may have a refractive index of 2.0 or
higher and lower than 3.0, and the second medium may have
a refractive index of 1.0 or higher and lower than 2.0.

Each of the first and third media may be formed of at least
one selected from the group consisting of tin oxide (SnQO,),
titantum oxide (T10,), cadmium oxide (CdO), zirconium
oxide (ZrQ,), tantalum oxide (Ta,O,), and hainium oxide
(HIO,).

Each of the second and fourth media may be formed of at
least one selected from the group consisting of silicon oxide
(S10,), aluminum oxide (Al,O,), silicate glass, and silicon
oxide-titanium oxide (S10,—T10,) or a mixture of pores
containing air or vacuum and the at least one material.

The first through third refraction layers may be formed of
at least one of tin oxide (SnQ,), titanium oxide (T10.,), cad-
mium oxide (CdQO), zircontum oxide (ZrO,), tantalum oxide
(Ta,0,), hatnium oxide (H1O,), silicon oxide-titanium oxide
(S510,—T10,), aluminum oxide-titanium oxide (Al,O;—
T10,), silicate glass, and a silicon oxide-aluminum oxide
(S10,—AlL,0,) solid solution,

The first refraction layer may have a refractive index higher
than that of the transparent substrate and lower than that of the
first medium, and the second refraction layer may have a
refractive index higher than that of the anode and lower than
that of the first medium. Also, the third refraction layer may
have a refractive index higher than that of the transparent
substrate and lower than that of the third medium.

The second medium may have a pillar shape perpendicular
to the transparent substrate.

Another aspect of the present invention provides a method
of fabricating an OLED using phase separation. The method
includes preparing a transparent substrate. A first light path
control layer 1s formed on the transparent substrate. The first
light path control layer includes a mixture of a first medium
and a second medium having a lower refractive index than the
first medium using phase separation. An anode, an organic
EML, and a cathode are sequentially stacked on the first light
path control layer.

The formation of the first light path control layer may
include preparing a mixture solution of a precursor of the first
medium and a precursor of the second medium. The mixture
solution may be coated on the transparent substrate. The
coated mixture solution may be gelled by heating to form a
coating layer phase-separated into the first and second media
having different refractive indices. The coating layer may be
calcined.

Betore forming the first light path control layer, the method
may further include forming a first refraction layer on the
transparent substrate. The first refraction layer may have a
refractive index higher than that of the transparent substrate
and lower than that of the first medium.

Before stacking the anode, the method may further include
forming a second refraction layer on the first light path control

layer. The second refraction layer may have a refractive index
higher than that of the anode and lower than that of the first

medium.

The precursor of the first medium may be one of a titantum-
alkoxide-based material and a chloro-titantum-alkoxide-

based material. The titantum-alkoxide-based material may be
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one selected from the group consisting of titanium methox-
ide, titanium ethoxide, titantum propoxide, and titanium
butoxide. The chloro-titantum-alkoxide-based material may
be one selected from the group consisting of chloro titanium
methoxide, chloro titammum ethoxide, chloro titantum pro-
poxide, and chloro titanium butoxide. Also, the precursor of
the second medium may be one selected from the group
consisting of a tnalkyloxyvinylsilane-based material, a tet-
raalkyloxysilane-based material, an allyltrialkylsilane-based
material, a tetraalkylsilane-based material, a diphenylsilane-
based matenial, a tetraphenylsilane-based material, an ami-
noalkyloxysilane-based material, a silsesquioxane-based
material, a silsesquioxane-siloxane-based material, and a
silsesquioxane-silane-based matenal.

The formation of the first refraction layer may include
coating a solution on the transparent substrate. The solution
may be formed of a titantum-alkoxide-based material
selected from the group consisting of titantum methoxide,
titanium ethoxide, titanium propoxide, and titanium butox-
1de, a chloro-titanium-alkoxide-based material selected from
the group consisting ol chloro titantum methoxide, chloro
titantum ethoxide, chloro titantum propoxide, chloro tita-
nium butoxide, and chloro titanium triisopropoxide, or a mix-
ture of one selected from the titantum-alkoxide-based mate-
rial and the chloro-titanium-alkoxide-based material with one
selected from the group consisting of a trialkyloxyvinylsi-
lane-based material, a tetraalkyloxysilane-based material, an
allyltrialkylsilane-based material, a tetraalkylsilane-based
material, a diphenylsilane-based material, a tetraphenylsi-
lane-based material, an aminoalkyloxysilane-based matenal,
a silsesquioxane-based material, a silsesquioxane-siloxane-
based material, and a silsesquioxane-silane-based material.
The coated solution may be left at room temperature or heated
until the coated solution 1s gelled to form a coating layer. The
coating layer may be calcined.

The method may further include adding distilled water and
at least one selected from the group consisting of methanol,
cthanol, 1sopropyl alcohol, and buthanol to the mixture solu-
tion 1n order to control the concentration and gelation rate of
the mixture solution.

Also, the method may further include adding at least one
selected from the group consisting of hydrochloric acid, ace-
tic acid, nitric acid, sulturic acid, and oxalic acid to the mix-
ture solution 1n order to control the gelation rate and phase
separation rate of the mixture solution and the shape and size
of the second medium.

In addition, the method may further include adding at least
one selected from the group consisting of acetyl acetone,
cthylene glycol, polyethylene glycol, polyethylene oxide,
polyvinyl alcohol, and polyvinyl pyrrolidone to the mixture
solution 1n order to control the viscosity, gelation rate, and
phase separation rate of the mixture solution and the shape
and si1ze of the second medium.

Meanwhile, the method may further include forming a
second light path control layer under the transparent sub-
strate. The second light path control layer may include a
mixture of a third medium and a fourth medium having a
lower refractive index than the third medium using the phase
separation.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent to those of ordinary
skill 1n the art by describing in detail exemplary embodiments
thereof with reference to the attached drawings in which:
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FIG. 1 1s a cross-sectional view illustrating a problem
caused by total reflection of light in a conventional organic
light emitting diode (OLED);

FIGS. 2A and 2B 1llustrate an OLED using phase separa-
tion according to an exemplary embodiment of the present
invention;

FIGS. 3A through 3C illustrate an OLED using phase
separation, which further includes a refraction layer, accord-
ing to an exemplary embodiment of the present invention;

FIG. 4A 1llustrates an OLED using phase separation,
which further includes a second light path control layer,
according to an exemplary embodiment of the present inven-
tion; and

FI1G. 4B 1llustrates an OLED using phase separation, which
turther includes a third refraction layer, according to an exem-
plary embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

The objects, features, and advantages of the present inven-
tion will be apparent from the following detailed description
of embodiments of the invention with references to the fol-
lowing drawings. Descriptions of well-known components
and processing techniques are omitted so as not to unneces-
sarily obscure the embodiments of the present invention. The
following terms are defined 1n consideration of functions of
the present invention and may be changed according to users
or operator’s intentions or customs. Thus, the terms shall be
defined based on the contents described throughout the speci-
fication.

As described 1n Background, in a conventional OLED, a

considerable amount of light emitted by an organic emission
layer (EML) may not be emitted out of the OLED but guided

in the OLED.

In order to solve these problems, the present invention
provides an OLED and a method of fabricating the same, in
which a light path control layer capable of refracting and
scattering light may be formed using phase separation so that
the amount of light guided 1n a substrate can be reduced to
improve light extraction efficiency.

Furthermore, the present invention provides an OLED and
a method of fabricating the same, 1n which an additional
refraction layer 1s formed to improve the adhesion of a light
path control layer and facilitate refraction of light so that the
amount of light guided 1n a substrate can be further reduced.

The present invention will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
exemplary embodiments of the invention are shown.

For brevity, the present invention will be described with
reference to exemplary embodiments applied to a bottom-
emitting OLED. However, an OLED using phase separation
according to the present mvention may be applied to both a
top-emitting type and a double-sided-emitting type. Accord-
ingly, the present invention 1s not limited to the bottom-
emitting OLED.

Also, exemplary embodiments of the present invention will
now be described under the assumption that a bottom surface
ol a transparent substrate 110 1s in contact with the air as
mentioned 1n Background. In this case, 1t 1s assumed that the
transparent substrate 110 has a refractive index of nl, the air
has a refractive index of n2, and n1>n2. In addition, 1t 1s
assumed that the transparent substrate 110 has a lower refrac-
tive 1ndex than an anode 1404, and the anode 1404 has the
same refractive index as an organic emission layer (EML)
150.

The assumptions are provided to facilitate explanation
only and not for purposes of limitation. Even 11 the assump-
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6

tions are modified, for example, even 1f the anode 1404 has a
different refractive index from the organic EML 150, those
modifications may neither affect the technical spirit of the
present invention nor preclude attaining the objects of the
present invention.

Accordingly, all the following exemplary embodiments
will be described with reference to the related drawings based
on the above assumptions.

FIGS. 2A and 2B illustrate an OLED using phase separa-

tion according to an exemplary embodiment of the present
invention.

Retferring to FIGS. 2A and 2B, an OLED using phase

separation according to an exemplary embodiment of the
present invention may include a first light path control layer
1304, an anode 1404, an organic emission layer (EML) 150,
and a cathode 1405, which are sequentially stacked on a
transparent substrate 110. Meanwhile, an encapsulation layer
160 may be further disposed on the cathode 14056.

T'he transparent substrate 110, the anode 140a, the organic
EML 150, and the cathode 1405 may be formed using mate-
rials used for a conventional, typical OLED to have thick-
nesses and shapes corresponding to the conventional, typical
OLED. Meanwhile, the anode 140a may be a transparent or
semitransparent electrode or an opaque electrode. Also, the
cathode 1406 may be a transparent or semitransparent elec-
trode or an opaque electrode depending on whether the
OLED 1s a top- or bottom-emitting OLED or a double-sided-
emitting OLED.

The first light path control layer 130a according to an
exemplary embodiment of the present invention may include
a mixture of a first medium 1314 and a second medium 132qa
having different refractive indices.

The first medium 131a may refract light incident from the
anode 140a.

The second medium 132a may scatter light due to a differ-
ence 1n refractive index between the first and second media
131a and 1324 and may have a lower refractive index than the
first medium 131a, preferably, but not necessarily, a lower
refractive index than the refractive index of the anode 140aq.
Also, the second medium 132a may have a pillar shape per-
pendicular to the transparent substrate 110 in order to
improve light extraction efficiency.

The first light path control layer 130a may allow light
traveling 1n a nearly-horizontal direction to the transparent
substrate 110 to be scattered at various angles at an interface
between the first and second media 131a and 132a. When the
light 1s scattered, the quantity of light incident with the total
reflection critical angle 0  or more at an intertface between the
transparent substrate 110 and the air may be reduced, thereby
improving light extraction efliciency.

The first medium 131a may be formed of materials having
refractive indices o1 2.0 or higher and lower than 3.0. Also, the
second medium 1324 may be formed of materials having
refractive indices of 1.0 or higher and lower than 2.0. Particu-
larly, 1t 1s desirable that the second medium 132a 1s formed of
maternials having refractive index lower than the refractive
index of the transparent substrate 110.

The first medium 131a may be formed of at least one
selected from the group consisting of tin oxide (SnO,), tita-
nium oxide (T10,), cadmium oxide (CdO), zirconium oxide
(Zr0,), tantalum oxide (Ta.O,), and hainium oxide (H1O,),
and the second medium 1324 may be formed of at least one
selected from the group consisting of silicon oxide (S10,),
aluminum oxide (Al,QO,), silicate glass, and silicon oxide-
titanium oxide (S10,—T110, ) or a mixture of pores containing
gases, such as air, or vacuum and the at least one material.
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The first light path control layer 130a having the above-
described composition according to the exemplary embodi-
ment of the present invention may be formed using a phase-
separation phenomenon to be described later.

Hereinatiter, an improvement 1n light extraction efficiency
of the OLED having the first light path control layer 130a
according to an exemplary embodiment of the present mnven-
tion will be described with reference to FIGS. 2A and 2B.

As described above, the first medium 131q according to an
exemplary embodiment of the present invention may have a
refractive imndex ranging from 2.0 to 3.0, and the second
medium 132a may have a refractive index which 1s equal to or
higher than 1.0 and lower than the refractive index of the
transparent substrate 110. However, the first and second
media 131q and 132a may have different refractive indices by
various selections of forming materials and process condi-
tions. The transparent substrate 110 and the anode 140a may
have various refractive indices by selections of various mate-
rials.

Thus, a case 1) where the first medium 1314 has the same
refractive index as the anode 140q and a case 11) where the first
medium 131 has a higher refractive index than the anode 1404
will now be described with reference to FIGS. 2A and 2B.
Meanwhile, the cases 1) and 11) will be described under the
assumption that the second medium 1324 has a lower refrac-
tive index than the transparent substrate 110, but the present
invention 1s not limited thereto.

FI1G. 2A 1llustrates a light path in the case 1) where the first
medium 131a has the same refractive index as the anode
140a.

Referring to FIG. 2 A, it can be seen that light emitted along,
a first light path 201 has the same emission angle 0__ , as the
conventional OLED described with reference to FIG. 1.

Meanwhile, unlike the conventional OLED described with
reference to FIG. 1, light emitted along a second light path
202 may not be totally reflected into the transparent substrate
110 but emaitted out of the transparent substrate 110. This 1s
because the light emitted along the second light path 202 may
pass through the first light path control layer 130qa so that an
incidence angle 0., of light measured at an 1interface between

the transparent substrate 110 and the air becomes lower than
the total reflection critical angle O .

Accordingly, the OLED having the first light path control
layer 130a according to the exemplary embodiment of the
present invention may have a higher light extraction effi-
ciency than a conventional OLED.

FI1G. 2B illustrates a light path in the case 11) where the first
medium 131a has a higher refractive index than the anode
140a.

Referring to FI1G. 2B, 1t can be seen that light emitted along
the first light path 201 has a same emission angle 0_ . to the
conventional OLED described with reference to FIG. 1.

Meanwhile, as 1n FIG. 2A, light emitted along the second
light path 202 may not be totally reflected into the transparent
substrate 110 but externally emaitted. This 1s because the light
emitted along the second light path 202 may pass through the
first light path control layer 130q so that an incidence angle 0,
of light measured at an interface between the transparent
substrate 110 and the air becomes lower than the total retlec-
tion critical angle O .

On analysis of the exemplary embodiments described
above with reference to FIGS. 2A and 2B, 1t can be seen that
when the first medium 1314 has a refractive index equal to or
higher than that of the anode 1404, light extraction efficiency
1s improved. Thus, according to the exemplary embodiment
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of the present invention, the first medium 131a may have a
refractive index equal to or higher than that of the anode 140aq,
preferably.

Hereinaftter, a process of forming the first light path control
layer 130q using phase separation according to an exemplary
embodiment of the present invention will be described 1n
detail.

To begin with, a precursor of a first medium 131a may be
mixed with a precursor of a second medium 1324, thereby
preparing a mixture solution. The mixture solution may be
prepared at a temperature of about 0 to 25° C., and a mixing
process may be continued until the mixture solution becomes
transparent. A mixture ratio of the precursor of the first
medium 131a to the precursor of the second medium 132a
may be appropriately determined according to a phase-sepa-
rated final structure.

The precursor of the first medium 131a may be a titanium-
alkoxide-based material or a chloro-titanium-alkoxide-based
material. The titanium-alkoxide-based material may be tita-
nium methoxide, titanium ethoxide, titanium propoxide, or
titanium butoxide. The chloro-titammum-alkoxide-based
material may be chloro titanium methoxide, chloro titantum
cthoxide, chloro titantum propoxide, or chloro titanium
butoxide.

The precursor of the second medium 1324 may be a tri-
alkyloxyvinylsilane-based matenal, a tetraalkyloxysilane-
based material, an allyltrialkylsilane-based material, a tet-
raalkylsilane-based material, a  diphenylsilane-based
matenal, a tetraphenylsilane-based material, an aminoalky-
loxysilane-based material, a silsesquioxane-based material, a
silsesquioxane-siloxane-based material, or a silsesquioxane-
silane-based material.

Meanwhile, in order to control the concentration and gela-
tion rate of the mixture solution, distilled water and at least
one selected from the group consisting of methanol, ethanol,
1sopropyl alcohol, and buthanol may be added to the mixture
solution.

Also, 1 order to control the gelation rate and phase sepa-
ration rate of the mixture solution and the shape and size of
the second medium 1324, at least one selected from the group
consisting of hydrochloric acid, acetic acid, nitric acid, sul-
furic acid, and oxalic acid may be added to the mixture
solution.

Furthermore, in order to control the viscosity, gelation rate,
and phase separation rate of the mixture solution and the
shape and size of the second medium 132q, at least one
selected from the group consisting of acetyl acetone, ethylene
glycol, polyethylene glycol, polyethylene oxide, polyvinyl
alcohol, and polyvinyl pyrrolidone may be added to the mix-
ture solution.

After the mixture solution 1s prepared, the mixture solution
may be coated on the transparent substrate 110 using a spin
coating process, a dip coating process, or a spray coating
pProcess.

Thereafter, the coated mixture solution may be heated,
thereby gelling the mixture solution and simultaneously,
forming a coating layer phase-separated into the first medium
131a and the second medium 1324 having different refractive
indices. In this case, the transparent substrate 110 on which
the mixture solution 1s coated may be annealed using a heat-
ing oven at a temperature of about 30 to 130 ] for 0.5 to 48
hours. The annealing temperature and time may be deter-
mined according to a desired final structure.

Thereatter, a coating layer formed by the gelling process
may be calcined 1 order to obtain desired surface state,
hardness, and final structure. Phase separation may further
occur during the calcination process. In this case, the calci-
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nation process needs to be performed at an appropriate tem-
perature for an appropriate time to obtain the desired final
structure and prevent occurrence of volatilization during sub-
sequent processes for forming the anode 1404, the organic
EML 150, and the cathode 14054.

The calcination process may be performed at a temperature
of about 300 to 1500[] for about 0.5 to 10 hours using an
clectric furnace. The calcination process may be omitted 1f
required.

When the calcination process 1s finished, a final structure of
the first light path control layer 130a 1n which the first and
second media 131a and 132q¢ having the above-described
compositions are repetitively arranged may be obtained. As a
result, the first light path control layer 1304 may be formed to
a thickness of about 100 nm to 10 um

As mentioned above, an OLED according to the present
invention may further include a refraction layer capable of
changing a light path in order to further improve light extrac-
tion efficiency. An OLED including a refraction layer waill
now be described with reference to FIGS. 3A through 3C.

FIGS. 3A to 3C1llustrate an OLED using phase separation,
which further includes a refraction layer, according to an
exemplary embodiment of the present invention.

According to FIGS. 3A to 3C, the OLED according to the
exemplary embodiment of the present invention may include
at least one of a first refraction layer 120a and a second
refraction layer 1205. The first refraction layer 120a may be
formed between a transparent substrate 110 and a first light
path control layer 130a, while the second refraction layer
1206 may be formed between the first light path control layer
130a and an anode 140a.

The refraction layers 120a and 12056 may improve the
adhesion of the first and second light path control layers 130a
and 1306 with the transparent substrate 110 or the anode 140a
or change a light path 1n order to allow light to be incident 1n
a direction closer to a perpendicular direction to the transpar-
ent substrate 110. Even 1n the embodiment described with
reference to FIG. 2, a light path may cause total reflection at
an interface between the transparent substrate 110 and the
first light path control layer 130a. Accordingly, the refraction
layers 120a and 1205 may be formed, thereby reducing the
amount of light incident to the interface between the trans-
parent substrate 110 and the first light path control layer 1304
with the total reflection critical angle 0 . or more. As a result,
the light extraction efficiency of the OLED may be further
improved.

The first refraction layer 120a may have a refractive index
lower than that of the first medium 131q and higher than that
of the transparent substrate 110.

Meanwhile, the second refraction layer 12056 may have a
higher refractive index than the anode 140a.

The refraction layers 120aq and 12056 may be formed of at
least one selected from the group consisting of tin oxide
(SnO,), titantum oxide (T10,), cadmium oxide (CdO), zirco-
nium oxide (Zr0,), tantalum oxide (Ta,O;), hatnium oxide
(H1O,), silicon oxide-titanium oxide (S10,—T110,), alumi-
num oxide-titanium oxide (Al,O,—T10,), silicate glass, and
a silicon oxide-aluminum oxide (S10,—Al,O;) solid solu-
tion.

A method of forming the refraction layers 120a and 1205
having the above-described composition according to an

exemplary embodiment of the present mvention will be
described later.

FIG. 3 A 1s a cross-sectional view of an OLED 1n which the
first refraction layer 120q 1s formed between the transparent
substrate 110 and the first light path control layer 130a. FIG.
3 A 1llustrates an example case where the first medium 131a
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has a higher refractive index than the anode 140a. For
example, the first refraction layer 120a has a refractive index
lower than that of the first medium 131q and higher than that
of the transparent substrate 110.

Referring to FI1G. 3 A, light emitted along the first light path
201 may be externally emitted at an interface between the
transparent substrate 110 and the air at the same emission
angle 0_ . as in an OLED without the first refraction layer
120a. Similarly, light emitted along the second light path 202
may be externally emitted at the same emission angle 0_ . as
in the OLED without the first refraction layer 120a.

Meanwhile, FIG. 3B 1s a cross-sectional view of an OLED
in which the second refraction layer 1205 1s formed between
the anode 140q and the first light path control layer 130a. FIG.
3B illustrates an example case where the first medium 131qa
has a higher refractive index than the anode 140a.

The second refraction layer 12056 may, be formed using the
same process as the first refraction layer 120a. For example,
the second refraction layer 1205 may have a refractive index
higher than that of the anode 140a and lower than that of the
first medium 131a.

As1nFI1G. 3A, referring to FIG. 3B, light emitted along the
first light path 201 may be externally emitted at the interface
between the transparent substrate 110 and the air at the same
emission angle 0__ _as 1n an OLED without the second refrac-
tion layer 1205. Similarly, light emitted along the second light
path 202 may be externally emitted at the same emission
angle 0_ _as in the OLED without the second refraction layer
1205.

Meanwhile, by forming the first refraction layer 120a, the
adhesion of the first light path control layer 130a having a
phase separation layer with the transparent substrate 110 may
be improved. Since different kinds of materials (1.e., a first
medium 131¢ and a second medium 132a) with different
coellicients of thermal expansion and different surface ener-
gies are mixed 1n a phase separation layer corresponding to an
interface between the first and second media 1314 and 1324,
the calcination process may cause roughness to the surface of
the phase separation layer and apply complicated stress to the
interface, thereby degrading the adhesion of the first light
path control layer 130aq with the transparent substrate 110.
The first refraction layer 120q may have intermediate char-
acteristics between the first and second media 131a and 132q
to reduce the stress. Also, since the first refraction layer 1204
1s not phase-separated, no roughness may be formed on the
surface of the first refraction layer 120a so that the first light
path control layer 130a can be reliably adhered to the trans-
parent substrate 110. As aresult, the adhesion of the first light
path control layer 130a with the transparent substrate 110
may be improved.

Meanwhile, FIG. 3C illustrates a case where both the first
and second refraction layers 120a and 12056 are formed. The
second refraction layer 12056 may be formed using the same
process as the first refraction layer 120q. Preferably, the first
refraction layer 120aq may have a refractive index lower than
that of the first medium 131a and higher than that of the
transparent substrate 110. Also, the second refraction layer
1205 may have arefractive index higher than that of the anode
140q and lower than that of the first medium 131a.

Referring to FIG. 3C, light emitted along the first light path
201 may be externally emitted at the interface between the
transparent substrate 110 and the air at the same emission
angle 0_ _as in an OLED without the first and second retrac-
tion layers 120q and 12056. Similarly, light emitted along the
second light path 202 may be externally emitted at the same
emission angle 0_ . as 1 the OLED without the first and
second refraction layers 120a and 1200b.
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Although not shown, even 1n the embodiments described
with reference to FIGS. 2A and 2B, a light path may cause
total retlection at an interface between the transparent sub-
strate 110 and the first medium 131a. However, when the first
refraction layer 120a and/or the second refraction layer 1205
are formed as shown in FIGS. 3 A through 3C, the amount of
light totally reflected by the interface between the transparent
substrate 110 and the first light path control layer 130a may be
reduced more than when no refraction layer 1s formed.
Accordingly, the first refraction layer 120a and/or the second
refraction layer 1205 may be formed, thereby improving the
light extraction etficiency of the OLED more than when no

refraction layer 1s formed.

Hereinafter, a process of forming the refraction layers
120a, 12056, and 120¢ having the above-described composi-
tions according to the present invention will be described in
detaul.

To begin with, a solution for a refraction layer may be
prepared. For example, the solution may be prepared at a
temperature of about 0 to 25

The solution may be one of a titamum-alkoxide-based
material and a chloro-titammume-alkoxide-based material. The
titanium-alkoxide-based material may be one selected from
the group consisting of titanitum methoxide, titanium ethox-
1ide, titanium propoxide, and titammum butoxide. The chloro-
titanium-alkoxide-based material may be one selected from
the group consisting of chloro titanium methoxide, chloro
titanium ethoxide, chloro titanium propoxide, chloro tita-
nium butoxide, and chloro titanium trissopropoxide. Alterna-
tively, the solution may be a mixture of one of the titantum-
alkoxide-based material and the chloro-titantum-alkoxide-
based material with one selected from the group consisting of
a tnialkyloxyvinylsilane-based material, a tetraalkyloxysi-
lane-based material, an allyltrialkylsilane-based material, a
tetraalkylsilane-based material, a diphenylsilane-based mate-
rial, a tetraphenylsilane-based material, an aminoalkyloxysi-
lane-based material, a silsesquioxane-based material, a sils-
esquioxane-siloxane-based material, and a silsesquioxane-
silane-based material.

Meanwhile, i order to control the concentration and gela-
tion rate of the mixture solution, distilled water and at least
one selected from the group consisting of methanol, ethanol,
1sopropyl alcohol, and buthanol may be added to the mixture
solution.

Also, 1n order to control the gelation rate and phase sepa-
ration rate of the mixture solution and the shape and size of
the second medium 132a, at least one selected from the group
consisting of hydrochloric acid, acetic acid, nitric acid, sul-
furic acid, and oxalic acid may be added to the mixture
solution.

The composition of the mixture solution, and the kinds and
amounts of additives may be controlled within such a range as
not to cause phase separation to a finally formed layer.

After preparing the mixture solution for the refraction
layer, the mixture solution may be coated on the transparent
substrate 110 to an appropriate thickness using a spin coating
process, a dip coating process, or a spray coating process.

Thereafter, the coated solution may be left to sit at room
temperature or heated so that the coated solution can be gelled
to form a coating layer. For example, the coated solution may
be thermally treated at a temperature of about 30 to 150 ] for
about 0.5 to 48 hours.

Afterwards, the coating layer formed by the gelation may
be calcined. For example, the calcination process may be
performed using an electric furnace at a temperature of about

300° C. to 1500° C. for about 0.5 to 12 hours.
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When the calcination process 1s finished, the first refraction
layer 120a according to one exemplary embodiment of the
present invention may be completed. The calcination process
may be omitted 11 required.

Meanwhile, 1n order to improve light extraction efficiency,
a second light path control layer 1305 for changing a light
path may be further formed under the transparent substrate
110, as shown 1n FIG. 4A.

FIG. 4A 1llustrates an OLED using phase separation,
which further includes the second light path control layer
13056 formed under the transparent substrate 110.

Referring to FIG. 4A, the second light path control layer

1306 may include a third medium 1315 and a fourth medium
1325.

The second light path control layer 1306 may perform the
same function as the first light path control layer 130q and be
tformed using the same material and process. Thus, the third
medium 1315 may be formed of the same component as the
first medium 131a, while the fourth medium 1325 may be
formed of the same component as the second medium 132a.

Meanwhile, although each of the second and fourth media
132a and 1325 are formed as a pillar type perpendicular to the
transparent substrate 110, the present invention 1s not limited
thereto. For example, each of the second and fourth media
132a and 1326 may have a circular ball or 1irregular shape so
as to improve light extraction efficiency. Also, though not
necessarily, the second and fourth media 132a and 1325 may
be arranged at optimum, predetermined periods.

Referring to FI1G. 4 A, 1t can be seen that an emission angle
0_, . of light emitted along the second light path 202 1s greater
when only a refraction layer 1s formed as 1 FIG. 3C. Accord-
ingly, when the second light path control layer 13056 1s further
formed as shown 1n FIG. 4A, light extraction efficiency may
be turther improved. In this case, the first and second refrac-
tion layers 120aq and 1205 may not be necessarily formed.

Although not shown, even 1n the embodiments described
with reference to FIG. 3C, a light path may cause total reflec-
tion at the transparent substrate 110. However, when the
second light path control layer 1306 1s further formed as
shown 1n FIG. 4A, the amount of light totally reflected by the
transparent substrate 110 may be reduced more than 1n the
embodiment described with reference to FIG. 3C. Accord-
ingly, the second light path control layer 1305 may be formed,
thereby 1mproving the light extraction efliciency of the
OLED more than in the embodiment described with reference
to FIG. 3C.

Meanwhile, a third refraction layer 120¢ may be further
formed between the transparent substrate 110 and the second
light path control layer 13056 as shown 1n FIG. 4B. Thus, the
adhesion of the second light path control layer 1305 with the
transparent substrate 110 may be enhanced, and a light path
may be changed to allow light to be incident 1n a direction
closer to a perpendicular direction to the transparent substrate
110. As a result, the light extraction efficiency of the OLED
may be turther improved.

FIG. 4B illustrates an OLED using phase separation in
which the third refraction layer 120c¢ 1s further formed
between the transparent substrate 110 and the second light
path control layer 13056 according to an exemplary embodi-
ment of the present invention.

The third refraction layer 120¢ may perform the same
function as the first and second refraction layers 120a and
12056 and be formed using the same material and process. The
third refraction layer 120¢c may be formed to have a refractive
index higher than that of the transparent substrate 110 and
lower than that of the third medium 13154.
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Although not shown, even in the embodiment described
with reference to FIG. 4 A, a light path may cause total reflec-
tion at an interface between the transparent substrate 110 and
the fourth medium 13254. However, when the third reflection
layer 120c¢ 1s further formed as shown 1n FI1G. 4B, the amount
of light totally reflected by the transparent substrate 110 may
be reduced more than 1in the embodiment described with
reference to FIG. 4A.

Accordingly, when the third reflection layer 120c¢ 1s further
tormed, the light extraction efficiency of the OLED may be
turther improved than in the embodiment described with ret-
erence to FI1G. 4A.

Meanwhile, as mentioned above, although only the bot-
tom-emitting OLEDs according to the exemplary embodi-
ments of the present invention are illustrated and described
for brevity, the present invention may be applied likewise to
top-emitting OLEDs and double-sided-emitting OLEDs.
When the present mvention 1s applied to a double-sided-
emitting OLED, OLEDs according to exemplary embodi-
ments of the present invention may be symmetrically formed
as a mirror type, and a cathode may be formed as a transparent
clectrode.

According to the present invention as described above, an
OLED having light extraction efficiency can be fabricated at
low cost using a simple process.

In the drawings and specification, there have been dis-
closed typical exemplary embodiments of the invention and,
although specific terms are employed, they are used 1n a
generic and descriptive sense only and not for purposes of
limitation. As for the scope of the invention, 1t 1s to be set forth
in the following claims. Therefore, it will be understood by
those of ordinary skill 1n the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the present invention as defined by the
tollowing claims.

What is claimed 1s:

1. A method of fabricating an organic light emitting diode
(OLED) using phase separation, comprising:

preparing a transparent substrate;

forming a first light path control layer on the transparent

substrate, the first light path control layer including a
mixture of a first medium and a second medium having
a lower refractive index than the first medium using
phase separation; and

sequentially stacking an anode, an organic EML, and a

cathode on the first light path control layer.

2. The method of claim 1, wherein forming the first light
path control layer comprises:

preparing a mixture solution of a precursor of the first

medium and a precursor of the second medium;
coating the mixture solution on the transparent substrate;

gelling the coated mixture solution by heating to form a

coating layer phase-separated into the first and second
media having different refractive indices; and
calcining the coating layer.

3. The method of claim 1, further comprising, before form-
ing the first light path control layer, forming a first refraction
layer on the transparent substrate, the first refraction layer
having a refractive index higher than that of the transparent
substrate and lower than that of the first medium.

4. The method of claim 1, further comprising, before stack-
ing the anode, forming a second refraction layer on the first
light path control layer, the second refraction layer having a
refractive index higher than that of the anode and lower than
that of the first medium.
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5. The method of claim 2, wherein the precursor of the first
medium 1s any one of a titanium-alkoxide-based material
such as titanium methoxide, titantum ethoxide, titanium pro-
poxide, or titanium butoxide and a chloro-titanium-alkoxide-
based material such as chloro titanium methoxide, chloro
titanium ethoxide, chloro titanium propoxide, or chloro tita-
nium butoxide; and the precursor of the second medium 1s one
selected from the group consisting of a trialkyloxyvinylsi-
lane-based material, a tetraalkyloxysilane-based material, an
allyltrialkylsilane-based material, a tetraalkylsilane-based
material, a diphenylsilane-based material, a tetraphenylsi-
lane-based material, an aminoalkyloxysilane-based material,
a silsesquioxane-based material, a silsesquioxane-siloxane-
based material, and a silsesquioxane-silane-based matenal.

6. The method of claim 3, wherein forming the first refrac-
tion layer comprises:

coating, on the transparent substrate, a solution formed of

a titanium-alkoxide-based material such as titanium
methoxide, titantum ethoxide, titanium propoxide, or
titamium butoxide; a solution formed of a chloro-tita-
nium-alkoxide-based material such as chloro titantum
methoxide, chloro titanium ethoxide, chloro titanium
propoxide, chloro titantum butoxide, or chloro titanium
tritssopropoxide; or a mixture solution of one selected
from the titamum-alkoxide-based material and the
chloro-titamium-alkoxide-based material with one
selected from the group consisting of a trialkyloxyvinyl-
silane-based material, a tetraalkyloxysilane-based mate-
rial, an allyltnialkylsilane-based material, a tetraalkylsi-
lane-based material, a diphenylsilane-based material, a
tetraphenylsilane-based material, an aminoalkyloxysi-
lane-based material, a silsesquioxane-based material, a
silsesquioxane-siloxane-based material, and a silsesqui-
oxane-silane-based matenal;

gelling the coated solution by leaving the coated solution at

room temperature or heating the coated solution to form
a coating layer; and

calcining the coating layer.

7. The method of claim 2, further comprising adding dis-
tilled water and at least one selected from the group consisting,
of methanol, ethanol, 1sopropyl alcohol, and buthanol to the
mixture solution in order to control the concentration and
gelation rate of the mixture solution.

8. The method of claim 2, further comprising adding at
least one selected from the group consisting of hydrochloric
acid, acetic acid, nitric acid, sulfuric acid, and oxalic acid to
the mixture solution in order to control the gelation rate and
phase separation rate of the mixture solution and the shape
and size of the second medium.

9. The method of claim 2, further comprising adding at
least one selected from the group consisting of acetyl acetone,
cthylene glycol, polyethylene glycol, polyethylene oxide,
polyvinyl alcohol, and polyvinyl pyrrolidone to the mixture
solution 1n order to control the viscosity, gelation rate, and
phase separation rate of the mixture solution and the shape
and size of the second medium.

10. The method of claim 1, further comprising forming a
second light path control layer under the transparent sub-
strate, the second light path control layer including a mixture
of a third medium and a fourth medium having a lower refrac-
tive index than the third medium using phase separation.
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